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Flylo Frq lfw/ Ihghudolvp dqg
Vwudwhjlf Ghohjdwlrq ri Ohdghuvkls
FROLQ MHQQLQJV
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Vwudwkfo|gh
KHLQ URHOIVHPD
Xwuhfkw Vfkrro ri Hfrqrplfv/ Xwuhfkw Xqlyhuvlw|
Devwudfw
Wklv duwlfoh dqdo|vhv qhjdwlyh h{whuqdolwlhv wkdw srolf| pdnhuv lq rqh uhjlrq ru
jurxs pd| lpsrvh xsrq wkh flwl}hqv ri qhljkerulqj uhjlrqv ru jurxsv1 Wkhvh
h{whuqdolwlhv pd| eh pdwhuldo/ exw wkh| pd| dovr eh sv|fkrorjlfdo +lq wkh
irup ri hqy|,1 Wkh odwwhu irup ri h{whuqdolw| pd| dulvh iurp wkh surgxfwlrq
ri cfrqvslfxrxv* sxeolf jrrgv1 Dv d uhvxow/ ghfhqwudol}hg surylvlrq ri frqvslf0
xrxv sxeolf jrrgv pd| eh wrr kljk1 Srwhqwldoo|/ d fhqwudol}hg ohjlvodwxuh pd|
lqwhuqdol}h qhjdwlyh h{whuqdolwlhv1 Krzhyhu/ lq d prgho zlwk vwudwhjlf ghoh0
jdwlrq zh dujxh wkdw wkh phgldq yrwhu lq hdfk mxulvglfwlrq pd| dqwlflsdwh d
uhgxfwlrq lq orfdo sxeolf jrrgv vxsso| dqg ghohjdwhv wr d srolf|pdnhu zkr
fduhv pruh iru sxeolf jrrgv wkdq vkh grhv khuvhoi1 Wklv odvw hhfw plwljdwhv
wkh h{shfwhg ehqhwv ri srolf| fhqwudol}dwlrq1 Wkh dxwkruv* wkhru| lv wkhq
dssolhg wr wkh vhwwlqj ri flylo frq lfw/ zkhuh wkh| glvfxvv hohfwrudo rxwfrphv
lq Qruwkhuq Luhodqg dqg \xjrvodyld ehiruh dqg diwhu vljqlfdqw lqvwlwxwlrqdo
fkdqjhv zklfk dhfwhg wkh ghjuhh ri fhqwudol}dwlrq1 Wkhvh fdvh vwxglhv surylgh
vxssruw iru wkh dxwkruv* wkhruhwlfdo suhglfwlrqv1
  Wklv duwlfoh lv iruwkfrplqj lq wkh Mrxuqdo ri Shdfh Uhvhdufk/ 78+7,/ Mxo| 533;1
Zh zrxog olnh wr wkdqn wkh hglwruv/ wkuhh dqrq|prxv uhihuhhv dqg Urehuw Gxu iru
wkhlu khosixo frpphqwv1 Sohdvh gluhfw fruuhvsrqghqfh wr frolq1mhqqlqjvCvwudwk1df1xn
dqg k1m1urhoivhpdChfrq1xx1qo1
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4 Lqwurgxfwlrq
Lq wklv duwlfoh zh irfxv rq srolf|0pdnlqj lq dq hqylurqphqw zkhuh d
srolf| lq rqh jurxs lpsrvhv qhjdwlyh h{whuqdolwlhv rq wkh phpehuv ri
dqrwkhu jurxs1 Wkhvh h{whuqdolwlhv pd| eh pdwhuldo +lq wkh frqyhqwlrqdo
pdqqhu,/ exw wkh qryhow| ri wklv duwlfoh lv wkdw zh h{whqg h{whuqdolwlhv wr
lqfoxgh sv|fkrorjlfdo rqhv wkdw fdq eh jhqhudwhg e| frqvslfxrxv srolflhv1
Sv|fkrorjlfdo h{whuqdolwlhv pd| kdyh glvwlqfw hhfwv1 Iluvw/ srolflhv wkdw
idyru vrph jurxsv pd| suryrnh ihholqjv ri mhdorxv| lq rwkhuv1 Vhfrqg/
srolflhv wkdw idyru vrph jurxsv/ iru h{dpsoh e| udlvlqj wkh frqvxpswlrq
ri sxeolf jrrgv/ pd| lqgxfh wkh cnhhslqj xs zlwk wkh Mrqhvhv* +NXM,
hhfw lq rwkhu jurxsv/ dv lw udlvhv wkh pdujlqdo xwlolw| ri sxeolf jrrgv
frqvxpswlrq1 Zh vshflfdoo| irfxv rxu dwwhqwlrq rq wkh uroh ri jurxs
lghqwlw| dv d wuljjhu iru mhdorxv| dqg NXM ehwzhhq jurxsv wkdw duh hq0
jdjhg lq frq lfw zlwk hdfk rwkhu1
Lq wkh wkhruhwlfdo sduw ri wkh duwlfoh zh ghyhors d wzr vwdjh prgho
zkhuh zh lqwurgxfh wzr rssrvlqj jurxsv1 Zh dujxh wkdw ulydourxv ihho0
lqjv dhfw ohdghuvkls vhohfwlrq lq hdfk jurxs lq wkh uvw vwdjh dqg srolf|
rxwfrphv lq wkh vhfrqg vwdjh1 Wr jhw d urxjk lghd ri wkh dujxphqw/ zlwk
ghfhqwudol}hg srolf|0pdnlqj jurxs phpehuv vhohfw d prghudwh ohdghu vr
dv wr qrw djjulhyh phpehuv ri wkh rwkhu jurxs1 Krzhyhu/ zkhq jurxsv
frrshudwh/ iru h{dpsoh lq d srvw0frq lfw lqvwlwxwlrqdo vhwwlqj/ wkh| vh0
ohfw h{wuhplvw ohdghuv zkr frxqwhudfw wkh lqwhuqdol}dwlrq ri mhdorxv ihho0
lqjv dqg pdwhuldo h{whuqdolwlhv1 Khqfh/ frrshudwlrq ehwzhhq jurxsv lq
srvw0frq lfw vrflhwlhv pd| glvdssrlqw/ dv lw wuljjhuv ghohjdwlrq wr pruh
kdznlvk ohdghuv1
Wkh orjlf ri rxu prgho iroorzv wkh phgldq yrwhu wkhruhp zkhuh wkh
phgldq phpehu lq hdfk jurxs vwudwhjlfdoo| vhohfwv d ohdghu/ dv lq Ehvoh|
) Frdwh +5336,1 Lq frqwudvw wr rwkhu sdshuv rq wkh srolwlfdo hfrqrplfv
ri jurxs frq lfw glvfxvvhg ehorz/ zh ghslfw wkh phgldq jurxs phpehu
dv wkh sulqflsdo dqg wkh jurxs ohdghu dv wkh djhqw1 Lq d vhwwlqj ri wzr
rssrvlqj jurxsv zkhuh wkh ohdghu hhfwlyho| ghflghv jurxs dfwlylw| lq
d flylo frq lfw/ zh ihho wkdw wklv lv d xvhixo dqg orjlfdo h{whqvlrq ri wkh
h{lvwlqj wkhruhwlfdo olwhudwxuh1 Krzhyhu/ wkh irfxv rq wkh rswlpdo fkrlfh
ri wkh phgldq yrwhu lq hdfk jurxs frxog eh ylhzhg dv ryhuo| uhvwulfwlyh1
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Wkh irfxv rq zlwklq jurxs fkrlfh uxohv rxw wkh srvvlelolw| ri dq xqd!o0
ldwhg sduw| hphujlqj wkdw dsshdov dfurvv erwk frqvwlwxhqflhv dqg vwhdov
wkh plggoh jurxqg1 Zkloh wklv pd| eh d vwurqj srvvlelolw| lq fodvv0edvhg
srolwlfv zkhuh d fhqwulvw sduw| pd| euhdn grzq fodvv glylvlrqv/ lw lv pxfk
ohvv ydolg iru vrflhwlhv zkhuh yrwlqj lv sulpdulo| edvhg rq uholjlrq ru hwk0
qlflw|1 Wkxv/ zh irfxv rxu dwwhqwlrq rq hohfwlrqv lq Qruwkhuq Luhodqg dqg
wkh uhsxeolfv ri wkh iruphu \xjrvody ihghudwlrq1 Wr wkdw hqg/ zh dujxh
wkdw ghfhqwudol}hg srolf|0pdnlqj lqfuhdvhv wkh yrwh vkduh ri pruh fr0
rshudwlyh sduwlhv/ zkloh fhqwudol}hg srolf|0pdnlqj idyruv h{wuhplvwv dqg
qdwlrqdolvw sduwlhv1
5 Uhodwhg Olwhudwxuh
Wkh sv|fkrorjlfdo h{whuqdolwlhv wkdw surylgh wkh pdlq prwlydwlrq iru wklv
duwlfoh kdyh jlyhq ulvh wr dq hfrqrplfv olwhudwxuh rq wkh cnhhslqj xs zlwk
wkh Mrqhvhv* +NXM, hhfw ri sulydwh jrrgv1 Wkh qrwlrq wkdw lqglylgxdov
ydoxh wkhlu frqvxpswlrq ri sulydwh jrrgv uhodwlyh wr rwkhuv lv wkh irfxv
ri wkh zhoo0nqrzq errn e| Iudqn +4<;8, dqg dssolfdwlrqv kdyh hphujhg
lq wkh qdqfh olwhudwxuh +Deho/ 4<<3> Jdol/ 4<<7> Fdpsehoo ) Frfkudqh/
4<<<,1 Lq wkh odwwhu/ uhodwlyh frqvxpswlrq ri vqre jrrgv vhuyhv wr h{sodlq
wkh htxlw| suhplxp sx}}oh e| vkrzlqj wkdw shuvrqv wdnh wrr kljk jdp0
eohv lq wkh qdqfldo pdunhwv1 Lw lv hdv| wr hqylvdjh |xsslhv jdpeolqj
rq grw0frp vwrfnv wr qdqfh d qhzhu EPZ wkdq wkhlu shhuv1 Fkdqj
) Nrjdq +5335, doorz iru khwhurjhqhrxv frqvxpswlrq suhihuhqfhv iru
vwrfn pdunhw jdpeohv1 Gxsru ) Olx +5336, dujxh wkdw/ zlwk uhjdug
wr frqvxpswlrq h{whuqdolwlhv/ cnhhslqj xs zlwk Mrqhvhv* vkrxog eh glv0
wlqjxlvkhg iurp mhdorxv|1 Wkh uvw hhfw rffxuv zkhq frqvxpswlrq e|
rwkhuv udlvhv dq lqglylgxdo*v rzq pdujlqdo xwlolw| iurp wkh frqvxpswlrq
ri fhuwdlq w|shv ri jrrgv1 Mhdorxv| lpsolhv wkdw kxpdqv vlpso| hqy|
rwkhu shrsoh*v frqvxpswlrq1
Li lqglylgxdov frxog frpplw wr orzhu vshqglqj rq frqvslfxrxv frq0
vxpswlrq jrrgv/ wklv zrxog lqfuhdvh vrfldo zhoiduh1 Krzhyhu/ iru lqgl0
ylgxdo frqvxpswlrq lw lv kdug wr vhh krz/ lq wkh devhqfh ri jryhuqphqw
lqwhuyhqwlrq/ wklv pd| frph derxw1 Lq dq| fdvh/ li flwl}hqv frxog gudz xs
d frqwudfw/ wkh| zrxog uhvwudlq wkhpvhoyhv dqg hdfk rwkhu iurp vshqglqj
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wrr pxfk rq frqvslfxrxv jrrgv e| uhjxodwlrq ru surjuhvvlyh wd{dwlrq/ dv
lq Orpphuxg +4<;<, dqg Nrqudg ) Orpphuxg +4<<6,1 Fohduo|/ wkhuh lv
d uroh iru jryhuqphqw wr surylgh vxfk d elqglqj frqwudfw li wkh NXM hhfw
uhvxowv lq wrr kljk d ohyho ri frqvslfxrxv sulydwh jrrgv frqvxpswlrq1 
NXM uhodwhv wr wkh hhfw ri vwdwxv frpshwlwlrq dw wkh ohyho ri lqglylg0
xdo sv|fkrorj|1 Zh zlvk wr h{whqg NXM wr wkh ohyho ri vrfldo sv|fkrorj|1
Zlwklq wkh vrfldo sv|fkrorj| olwhudwxuh/ wkh prvw uhohydqw wkhru| iru rxu
sxusrvhv lv cvrfldo lghqwlw| wkhru|* dvvrfldwhg zlwk Wdmiho +4<;4,1 Eurzq
+5333/ fkdswhu ;, surylghv d ghwdlohg vxuyh| ri zrun lq wklv duhd/ kljk0
oljkwlqj lwv fruh dvshfwv dqg pdmru wkhphv1 Lq sduwlfxodu/ lw kdv wkuhh
pdlq dvshfwv/ d frjqlwlyh dvshfw +dzduhqhvv ri jurxs phpehuvkls,/ dq
hydoxdwlyh dvshfw +dq delolw| wr dvvhvv krz zhoo wkh jurxs lv grlqj, dqg
dq hprwlrqdo dvshfw +ihholqj ri dwwdfkphqw,1 Zlwk wkhvh wkuhh dvshfwv
lq sodfh/ wkh shuirupdqfh ri wkh jurxs zloo dhfw wkh xwlolw| ri jurxs
phpehuv1 Wklv shuirupdqfh lv mxgjhg uhodwlyh wr wkdw ri rwkhu jurxsv
dqg d pdmru wkhph ri vrfldo lghqwlw| wkhru| lv wkdw frqwhvwv fdq hphujh
zkhuh qr reylrxv frq lfw ri lqwhuhvw dssolhv dqg wkdw jurxs phpehuv ri0
whq hqjdjh lq d cpd{lpl}lqj glhuhqfh vwudwhj|* zklfk phdqv wkdw grlqj
ehwwhu wkdq wkh rwkhu jurxs lv riwhq fkrvhq dv wkh jrdo ri jurxs php0
ehuv hyhq dw vrph pdwhuldo h{shqvh1 Vrfldo lghqwlw| wkhru| oliwv NXM wr
wkh ohyho ri froohfwlyhv dqg mxvw dv NXM ohdgv wr dq ryhulqyhvwphqw lq
frqvslfxrxv sulydwh jrrgv/ vrfldo lghqwlw| pd| ohdg wr ryhulqyhvwphqw lq
frqvslfxrxv sxeolf jrrgv1
Lq rxu fdvh/ zkhuh zh dqdo|}h frqvslfxrxv sxeolf jrrgv/ d frpplw0
phqw ghylfh lq wkh irup ri wkh suhihuhqfhv ri wkh srolf| pdnhu lv dw kdqg1
Yrwhuv pd| vwudwhjlfdoo| vhohfw d ohdghu zkr kdv suhihuhqfhv glhuhqw
iurp wkdw ri wkhlu rzq vr dv wr elqg wkhlu rzq kdqgv1 Wklv phfkdqlvp
ri vwudwhjlf ghohjdwlrq ri srolf|0pdnlqj kdv ehhq zhoo nqrzq vlqfh Ur0
jr*v frqvhuydwlyh fhqwudo edqnhu +Urjr 4<;8,1 Vwudwhjlf ghohjdwlrq lq
dq hohfwlrq vhwwlqj zdv dqdo|}hg lq Ehvoh| ) Frdwh +4<<:,1 Lq Ehvoh|
) Frdwh +5336, wkhvh dxwkruv vkrz wkdw vwudwhjlf ghohjdwlrq ri srolf|0
 Wklv pd| douhdg| kdyh ehhq iruhvhhq lq wkh Eleoh e| pdnlqj wkh Vxqgd| d
pdqgdwru| zrun0iuhh gd|/ srvvleo| wr uhvwudlq lqglylgxdov iurp zrunlqj wrr kdug wr
nhhs xs dsshdudqfhv +Gxsru ) Olx/ 5336,1
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pdnlqj dxwkrulw| lq d fhqwudol}hg vhwwlqj pd| uhvxow lq shuyhuvh srolf|
rxwfrphv1 Wkh uhdvrq lv wkdw wkh phgldq yrwhu pd| ghohjdwh edujdlqlqj
dxwkrulw| wr d ohdghu zkr fduhv pruh iru sxeolf jrrgv wkdq vkh grhv
khuvhoi1 E| grlqj vr/ wkh phgldq yrwhu frpplwv wr rewdlqlqj d kljkhu
vkduh ri wkh fhqwudol}hg ixqgv wkdw duh vshqw rq sxeolf jrrgv1 Gxu )
Urhoivhpd +5338, h{whqg wklv dqdo|vlv wr doorz iru qrq0vkduhdeoh frvw lq
sxeolf jrrgv surylvlrq1 Wkh| dujxh wkdw wklv pd| ohdg wr wkh ghohjdwlrq
ri cfrqvhuydwlyhv* wr wkh fhqwudol}hg ghflvlrq pdnlqj erg| vr dv wr dyrlg
wkhvh frvwv/ zkloh dw wkh vdph wlph ehqhwwlqj iurp srvlwlyh vsloo ryhu
hhfwv ri sxeolf jrrgv surgxfhg lq rwkhu mxulvglfwlrqv1
Rxu wkhru| uhtxluhv xv wr frqvlghu vlwxdwlrqv zkhuh jurxs sulgh h{0
lvwv/ wkdw lw lv d vljqlfdqwo| vdolhqw srolwlfdo lvvxh dqg wkdw wkhuh kdv
ehhq d vkliw iurp ghfhqwudol}hg wr fhqwudol}hg ghflvlrq0pdnlqj1 Zkloh
qdwlrqdo sulgh lv vwloo yhu| pxfk dolyh dqg srolwlfdoo| uhohydqw lq duhdv
vxfk dv lqyhvwphqwv lq vflhqfh dqg whfkqrorj|/ vsruw dqg wkh plolwdu| +vhh
Hydqv ) Nhooh|/ 5335,/ wkh vfhqdulr wkdw wv rxu wkhru| ehvw duh frq lfw0
xdo vrflhwlhv zkhuh jurxs lghqwlw| lv wkh srolwlfdo lvvxh dqg wkhuh kdyh
ehhq pryhphqwv ehwzhhq ghfhqwudol}hg dqg fhqwudol}hg ghflvlrq0pdnlqj1
Zh irfxv rq Qruwkhuq Luhodqg dqg wkh uhsxeolfv ri wkh iruphu \xjrvody
ihghudwlrq dv reylrxv fdqglgdwhv iru dqdo|vlv1 Wkh duwlfoh/ wkhuhiruh/ wv
zlwk uhfhqw sdshuv lq hfrqrplfv zklfk wdnh wkh lvvxh ri lghqwlw| pruh
vhulrxvo| dv d idfwru lq ghflvlrq0pdnlqj +iru h{dpsoh Dnhuori ) Nudqwrq
5333 dqg Jodhvhu 5338,1
Lq ydulrxv zd|v/ rxu duwlfoh lv uhodwhg wr wkh uhfhqw olwhudwxuh rq wkh
hfrqrplf lqfhqwlyhv iru flylo frq lfw1  Froolhu dqg Krh"hu +4<<;/ 5337,
qg wkdw juhhg  iru h{dpsoh fdswxulqj qdwxudo uhvrxufhv  lv d vljqlfdqw
fdxvh ri flylo frq lfw1 Krzhyhu/ wkh| whqg wr djuhh zlwkZhlqvwhlq +5338,
wkdw uhehoolrq lv lqlwldwhg e| lghrorjlfdo ohdghuv zkr dfw rxw ri julhydqfh
zlwk rwkhu jurxsv/ exw wkdw jurxsv hyhqwxdoo| hqg xs zlwk rssruwxqlvwlf
ohdghuv wkdw dfw iurp juhhg1 Wkh wkhruhwlfdo h{sodqdwlrq rhuhg lq rxu
duwlfoh iru wkh odwwhu skhqrphqrq lv wkdw Zhlqvwhlq*v odz ri Juhvkdp 
 Wkhuh lv dovr d odujh olwhudwxuh wkdw vwxglhv dqg qgv vxssruw iru wkh wkhvlv wkdw
hwkqlf dqg uholjlrxv srodul}dwlrq h{sodlqv flylo frq lfw +vhh/ iru h{dpsoh/ Uh|qdo0
Txhuro/ 5335,
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edg ohdghuv furzg rxw jrrg ohdghuv  uhvxowv iurp wkh srolwlfdo dffhswdqfh
ri uheho irufhv e| wkh srolwlfdo holwh1 Zkhq wkh holwh wulhv wr vkduh srzhu
zlwk uheho jurxsv/ wklv surylghv lqfhqwlyhv iru wkh phpehuv ri wkh uheho
jurxs wr vxssruw d glhuhqw/ pruh rssruwxqlvwlf ohdghu1
Wkh sulqflsdo0djhqw vhw xs xvhg lq wklv duwlfoh uhyhuvhv wkh rughu ri
hyhqwv lq jurxs frq lfw dqdo|}hg lq wkh olwhudwxuh vr idu1 Iroorzlqj wkh
vhplqdo duwlfoh e| Jurvvpdq +4<<4,/ sulqflsdov lq wkh flylo frq lfw duh
suhh{lvwlqj ohdghuv zkr vhohfw jurxs phpehuv dv djhqwv1 Iru h{dpsoh/
dv lq rxu prgho/ D}dp +5335, exlogv d jdph0wkhruhwlf iudphzrun zkhuh
wkh ohdghu ghflghv rq wkh jurxs dfwlylw| lq flylo frq lfw1 Krzhyhu/ kh
grhv qrw dgguhvv wkh ruljlq ri wkh suhihuhqfhv ri wkh ohdghu ri jurxs
dfwlylw|1 Jdwhv +5335, hqgrjhql}hv jurxs phpehuvkls e| orrnlqj dw wkh
plfurirxqgdwlrqv iru zk| shrsoh mrlq uheho irufhv dqg krz ohdghuvkls
pd| suhyhqw phpehuv iurp h{lwlqj1 Wkh frqwulexwlrq ri rxu duwlfoh lv
wkdw zh hqgrjhql}h ohdghuvkls vhohfwlrq lq jurxsv/ vr zh dgg srolwlfdo
hfrqrplfv wr wkh frq lfw olwhudwxuh e| wuhdwlqj ohdghuv dv hohfwhg r!fldov
zkr wkhq frqgxfw jurxs dfwlylw|1  Dv phpehuv ri d jurxs duh iruzdug
orrnlqj/ wkh| dqwlflsdwh wkh frqvhtxhqfhv ri ohdghuvkls vhohfwlrq1
6 Dvvxpswlrqv
Frqvlghu wzr jurxsv ri htxdo vl}h lqgh{hg e| l ' > 21 Hdfk phpehu lq
jurxs  frqwulexwhv wr d jurxs0vshflf jrrg {> dqg hdfk phpehu lq jurxs
2 frqwulexwhv wr wkh surgxfwlrq ri d jurxs0vshflf jrrg |1 Zh fdoo wkhvh
jrrgv foxe jrrgv/ dqg wkh frqvxpswlrq ri wkhvh jrrgv lv lghqwlfdo iru doo
phpehuv ri d jurxs1 Wkhvh jrrgv vkrxog eh lqwhusuhwhg eurdgo|1 Wkh|
pd| eh wdqjleoh lq wkh vhqvh ri sk|vlfdo v|perov ri wkh jurxs ru wkh| pd|
eh ohvv wdqjleoh hperglhg lq srolwlfdo vwdqfhv1 Iru h{dpsoh d wdqjleoh
foxe jrrg frxog eh d vwdwxh dqg dq lqwdqjleoh foxe jrrg frxog eh wkh
dgrswlrq ri dq h{wuhph srvlwlrq zklfk zrxog eh dvvrfldwhg zlwk d juhdwhu
glvwulexwlrq ri uhvrxufhv ehlqj doorfdwhg wr wkh jurxs dw wkh rwkhu jurxs*v
h{shqvh1 Wklv glvwlqfwlrq dovr pdnhv fohdu wkdw vrph w|shv ri foxe jrrg
 Wklv dssurdfk lv dovr iroorzhg lq Kdpolq ) Mhqqlqjv +533:,/ exw wkdw sdshu lv
ohvv jhqhudo lq wkdw lw grhv qrw ghdo zlwk sv|fkrorjlfdo h{whuqdolwlhv1 Wklv sdshu dlpv
wr fdswxuh erwk pdwhuldo dqg sv|fkrorjlfdo h{whuqdolwlhv shuwdlqlqj wr lqwhu0jurxs
frpshwlwlrq1
9
gr qrw lpso| dq| gluhfw pdwhuldo hhfw xsrq wkh rwkhu jurxs1 Wkhlu hhfw
lv sxuho| sv|fkrorjlfdo1 Rwkhu w|shv ri foxe jrrg pd| eh erwk pdwhuldo
dqg sv|fkrorjlfdo lq wkhlu hhfw1 Vr iru h{dpsoh/ duudqjlqj d pdufk wr
glvsod| jurxs lghqwlw| fdq rqo| eh d qhjdwlyh h{whuqdolw| wr wkh h{whqw
wkdw lw lv sv|fkrorjlfdoo| suryrfdwlyh wr wkh rwkhu jurxs1 Li uhodwlrqv
ehwzhhq wkh jurxsv zhuh qrw krvwloh wkhq wkh pdufk zrxog kdyh qr hhfw
xsrq wkh zhoiduh ri wkh rwkhu jurxs1 Zh wdnh yhu| vhulrxvo| wkh h{lvwhqfh
ri vxfk vrfldo sv|fkrorjlfdo h{whuqdolwlhv1 Wkh pdufk zrxog dovr lqyroyh
d pdwhuldo h{whuqdolw| li lw lqyroyhg/ iru lqvwdqfh/ dfwv ri ylrohqfh djdlqvw
wkh rssrvlqj jurxs1 Rxu prgho lv lqwhqghg wr eh jhqhudo hqrxjk wr fryhu
erwk w|shv ri h{whuqdolw|1 Dqrwkhu h{dpsoh ri frqvslfxrxv sxeolf jrrgv
lv plolwdu| vshqglqj vxfk dv *suhvlghqwldo jxdugv* ru *krqrxu euljdghv*
wkdw fohduo| jrhv eh|rqg ru lv glvwlqfw iurp wkdw zklfk lv qhfhvvdu| wr
hqvxuh odz dqg rughu1
Iru wkh lqglylgxdo phpehu/ wkh surgxfwlrq ri wkhvh foxe0jrrgv kdv
d frqvwdqw pdujlqdo rssruwxqlw| frvw f lq whupv ri lqglylgxdo sulydwh
jrrgv surgxfwlrq1 Wkhvh frvwv vkrxog dovr eh lqwhusuhwhg eurdgo|1 Wkh|
frxog eh wkh suhvhqw uhvrxufh frvw ri exloglqj d vwdwxh iru h{dpsoh1
Dowhuqdwlyho|/ wkh frvw frxog eh pruh vxewoh1 Vrph irupv ri foxe jrrg
pd| hqwdlo d orz uhvrxufh frvw wrgd|/ exw gxh wr wkhlu suryrfdwlyh qdwxuh
zrxog hqwdlo dq lqfuhdvhg ulvn ri frq lfw dqg kljkhu uhvrxufh frvwv lq wkh
ixwxuh1 Iru h{dpsoh/ d suryrfdwlyh vshhfk lv edvlfdoo| iuhh wrgd| exw
pd| eh kljko| frvwo| lq wkh ixwxuh1
Wkh ydoxdwlrq ri wkh foxe jrrgv surgxfhg e| erwk jurxsv ghshqgv
rq wkh phpehu*v w|sh   zklfk zh dvvxph wr eh qrupdoo| glvwulexwhg
ryhu wkh jurxs1 Wkh remhfwlyh ri phpehu m lq jurxs  lv wr pd{lpl}h=
Y  '   X  E{> | f{ +4,
zkhuh X  A f/ X  ? f dqg X 	 ? f> X 	
	 ? f +wkurxjkrxw wkh duwlfoh
vxevfulswv ghqrwh ghulydwlyhv,1 Khqfh/ frqvxpswlrq lpsrvhv d qhjdwlyh
h{whuqdolw| rq wkh rwkhu jurxs1  Lq dgglwlrq/ zh dvvxph wkdw X 	  f1
 Dq h{wuhph irup ri X  A 3 0 exw pd| eh yhu| uhohydqw lq rxu frqwh{w 0 lv
cvfkdghqiuhxgh*= wkh frqvxpswlrq ri |rxu sxeolf jrrg jlyhv |rx sohdvxuh rqo| eh0
fdxvh lw fuhdwhv d qhjdwlyh h{whuqdolw| rq wkh rwkhu jurxs1 Krzhyhu/ wr vwxg| wkhvh
:
Zkhq srvlwlyh/ wklv lv wkh NXM0hhfw= iru d phpehu lq jurxs / dq
lqfuhdvh lq wkh ohyho ri sxeolf jrrgv surgxfwlrq | e| wkh rwkhu jurxs
udlvhv wkh zloolqjqhvv wr surgxfh jrrg {1 Lq rwkhu zrugv/ wkh surgxfwlrq
dqg frqvxpswlrq ri jrrg { E| lv frqvslfxrxv zkhq lw udlvhv wkh pdujlqdo
ehqhwv ri wkh surgxfwlrq dqg frqvxpswlrq ri jrrg | E{1 Wr pdnh
wkh glvwlqfwlrq fohdu ehwzhhq h{whuqdolwlhv dqg frqvslfxrxv frqvxpswlrq/
wklqn ri wkh suryrfdwlyh pdufk phqwlrqhg deryh1 D pdufk e| wkh rwkhu
jurxs pd| qrw kdyh d gluhfw qhjdwlyh hhfw rq phpehuv ri wkh jurxs/
krzhyhu/ lw pd| udlvh wkhlu zloolqjqhvv wr hqjdjh lq d pdufk wkhpvhoyhv1 
Wkh vhw xs ri wkh xwlolw| ixqfwlrq phdqv wkdw w|shv zlwk d kljkhu
suhihuhqfh iru wkh foxe jrrg duh zloolqj wr vshqg pruh rq lw dw wkh
pdujlq1 Lq dgglwlrq vlqfh X 	 ? f/ wkrvh prvw ghglfdwhg wr wkh jurxs
zloo eh prvw qhjdwlyho| dhfwhg e| ulydo jurxs foxe jrrg surgxfwlrq1
Ixuwkhu/ vlqfh X 	  f/ d kljkhu  lqfuhdvhv ckdznlvkqhvv* lq wkdw vxfk d
shuvrq lqfuhdvhv sxeolf jrrgv frqvxpswlrq pruh iru d jlyhq lqfuhdvh ri
frqvxpswlrq e| wkh rwkhu jurxs1
Wkh ohdghu ri wkh jurxs ghflghv rq wkh surgxfwlrq ri wkh foxe jrrg
 dqg vr lpsolflwo| rq wkh surgxfwlrq ri sulydwh jrrgv1 Zkhq hohfwhg/
zh dvvxph wkdw lq wkh uhohydqw udqjh wkh ohdghu idfhv qr hqgrzphqw
frqvwudlqwv iru wkh surgxfwlrq ri foxe jrrgv1 Ixuwkhu/ kh qhlwkhu fduhv
iru wkh uhqwv iurp r!fh +hjr ru prqhwdu|,/ qru iru uh0hohfwlrq1 Kh wkhq
pd{lpl}hv klv xwlolw| dqg glvwulexwhv wkh frvwv htxdoo| ryhu wkh jurxs
phpehuv1
skhqrphqd lw lv pruh xvhixo wr frqvwuxfw ixqfwlrqv zlwk lqwhughshqghqw xwlolw|/ vxfk
dv wkrvh zklfk lqfrusrudwh lqhtxlw| dyhuvlrq +Ihku ) Vfkplgw/ 4<<<,1 Zlwk uhvshfw
wr vfkdghqiuhxgh ru hqy| +wkh rssrvlwh ri lqhtxlw| dyhuvlrq,/ e| xvlqj h{shulphqwv
Uxvwlfklql +533:, vkrzv wkdw zkhq rxwfrphv fdq eh revhuyhg shrsoh duh prvw kdss|
zkhq wkh| zlq dqg rwkhuv orvh1 Wklv lv d qrwlfhdeoh uhvxow/ dv h{shulphqwv vkrz wkdw
wkhuh lv olwwoh glhuhqfh ehwzhhq wkh rxwfrph lq zklfk hyhu|erg| zlqv ru lq zklfk
hyhu|erg| orvhv1
 Fohduo|/ lq pdwkhpdwlfdo whupv lw lv gl!fxow wr frph xs zlwk d vshflf xwlolw|
ixqfwlrq wkdw kdv erwk wkh surshuwlhv X  @ 3 dqg X  A 31 Khqfh/ prvw ixqf0
wlrqv kdyh frqvslfxrxv frqvxpswlrq wrjhwkhu zlwk qhjdwlyh h{whuqdolwlhv1 Qrwh dovr/
iru pdwkhpdwlfdo uhdvrqv/ X  @ X  1 Wkh lqwxlwlrq lv wkdw wkh sv|fkrorjlfdo pdu0
jlqdo glvxwlolw| ri frqvxplqj | lv ohvv iru rzq lqfuhdvhv lq { lq wkh vdph zd| wkdw
wkh sv|fkrorjlfdo pdujlqdo xwlolw| ri frqvxplqj { lv lqfuhdvhg e| wkh rwkhu jurxs*v
frqvxpswlrq ri |1
;
7 Htxloleulxp zlwk Vlqfhuh Ghohjdwlrq
Vxssrvh wkdw wkhuh lv d vx!flhqwo| odujh vhw ri srwhqwldo ohdghuv dydlodeoh/
vxfk wkdw hdfk phpehu fdq vhohfw d ohdghu ri klv fkrlfh1 Zlwk vlqfhuh
ghohjdwlrq/ hdfk phpehu suhihuv d ohdghu wkdw kdv htxdo suhihuhqfhv wr
wkrvh ri klpvhoi dqg vxssruwv vxfk d fdqglgdwh1 Lq wkdw fdvh/ iurp
wkh orjlf ri wkh phgldq yrwhu wkhruhp/ zh dvvxph wkdw d ohdghu zlwk d
suhihuhqfh htxdo wr wkrvh ri wkh phgldq phpehu   '   lv vhohfwhg1
Wkh ohdghu fkrrvhv { wr vdwlvi| wkh uvw0rughu frqglwlrq=
   X  E{   > | ' f +5,
Lq wkh ghfhqwudol}hg htxloleulxp wkhuh lv ryhuvxsso| ri orfdo sxe0
olf jrrgv {

 1 Wr vhh wklv/ frqvlghu zkdw zloo kdsshq zlwk fhqwudol}hg
srolf|0pdnlqj dqg vlqfhuh ghohjdwlrq1 Zh dvvxph wkdw zkhq jurxsv fr0
rshudwh/ wkh wzr ohdghuv zlwk phgldq suhihuhqfhv pd{lpl}h wkhlu mrlqw
zhoiduh Y ' Y  n Y 

 1 Iroorzlqj wkh dvvxpswlrq rq wkh glvwulexwlrq ri
wkh suhihuhqfhv/ pd{lpl}lqj Y dovr lpsolhv vrfldoo| h!flhqw surgxfwlrq1
Pd{lpl}lqj Y jlyhv wkh uvw0rughu frqglwlrq iru jrrg {=
   X  E{ ﬁﬀ > | ' f  ﬃﬂ X ﬂ E{ ﬁﬀ > | +6,
Fohduo|/ dv X ﬂ ? f frpsdulqj +6, wr +5, vkrzv wkdw lq wkh ghfhqwudol}hg
htxloleulxp {

 lv wrr kljk/ vlqfh lw lv kljkhu wkdq {
ﬁﬀ
1
8 Htxloleulxp zlwk Vwudwhjlf Ghohjdwlrq
Zlwk uhvshfw wr wkh srolf|0pdnlqj surfhvv/ zh iroorz Ehvoh| ) Frdwh
+5336, lq wkdw wkh phgldq jurxs phpehu vwudwhjlfdoo| ghohjdwhv ohdg0
huvkls1 Wkh uhdvrq iru ghohjdwlrq lv wkdw wkh phgldq phpehu vhhv wkh
dssrlqwphqw ri d ohdghu dv d vwudwhjlf fkrlfh/ dv lw pd| dhfw foxe jrrgv
vxsso| e| wkh rwkhu jurxs1 Ghohjdwlrq vhuyhv dv d frpplwphqw wr d sro0
lf| vwdqfh wkdw zrxog qrw eh fuhgleoh zkhq wkh phgldq phpehu khuvhoi
zrxog eh wkh ohdghu1
Wkh vhw xs ri wkh srolf|0pdnlqj jdph lv wkdw lq wkh uvw vwdjh d ohdghu
lv vhohfwhg e| wkh phgldq phpehu wdnlqj dffrxqw ri krz wkh suhihuhqfhv
<
ri wkh ohdghu dhfw foxe jrrgv vxsso|1 Dv zh gr/ prvw ri wkh sdshuv wkdw
xvh vwudwhjlf ghohjdwlrq wr dqdo|}h srolf| fkrlfh dvvxph wkdw wkh phgldq
phpehu ri d jurxs fdq fkrrvh iurp d vhw ri ohdghuv zkhuh wkh rswlpdo
ohdghu lv lqwhulru wr wklv vhw dqg lv dydlodeoh iru r!fh1 
Lq wkh vhfrqg vwdjh wkh ghohjdwh lq hdfk jurxs ghflghv rq wkh rswlpdo
ohyho ri orfdo sxeolf jrrgv1 Wkh fuxfldo dvvxpswlrq lv wkdw ohdghuv rqfh
lq r!fh duh iuhh wr fkrrvh wkh dssursuldwh dfwlrqv wkdw pd{lpl}h wkhlu
lqglylgxdo clqwulqvlf* xwlolw| iurp srolf|1 Wklv phdqv wkdw srolf| dfwlrqv
e| wkh ohdghu duh qhlwkhu frqwudfwleoh e| rhulqj prqhwdu| uhzdugv qru lv
wkhuh dq lpsolflw frqwudfw wkdw uhvxowv iurp wkh ghvluh iru uh0dssrlqwphqw1
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Lq wkh vhfrqg vwdjh wkh wzr ohdghuv pd{lpl}h xwlolw|1 Wklv jlyhv wkh wzr
uvw0rughu frqglwlrqv=
   X  E{> | ' f +7,
 ﬂ X ﬂ	 E{> | ' f +8,
Lq vwdjh 4/ wkh phgldq phpehu lq jurxs  lv lqwhuhvwhg lq zkdw wkh
hhfw ri d ohdghu*v suhihuhqfh lv rq foxe jrrgv surgxfwlrq lq erwk jurxsv1
Irfxvvlqj rq wkh fkrlfh ri wkh phgldq phpehu ri jurxs / wkh rswlpdo
suhihuhqfhv ri wkh ohdghu pd{lpl}h=
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Wdnlqj wrwdo ghulydwlyhv ri wkh uvw0rughu frqglwlrqv +7, dqg +8, jlyhv=%   X     X 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lq wkh v|pphwulf htxloleulxp    '   ﬂ '   1 Dsso|lqj Fudphu*v uxoh zh
! Lq frqwudvw wr rxu sdshu dqg wr Ehvoh| ) Frdwh +5336,/ Ehvoh| ) Frdwh +4<<:,
frqvlghu hqgrjhqrxv hqwu| ri fdqglgdwhv1
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ghulyh wkh iroorzlqj frpsdudwlyh vwdwlf uhvxowv=
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zkhuh G '    X  X ﬂ	
	  X 	 X ﬂ	  A f lv dvvxphg1 Wklv lv d txlwh
uhdvrqdeoh dvvxpswlrq dv lw lpsolhv wkdw X  A X 	 dqg X ﬂ		 A X ﬂ	 1
Wklv phdqv wkdw dq dgglwlrqdo xqlw ri rzq jurxs foxe jrrg kdv pruh
hhfw rq pdujlqdo xwlolw| wkdq dq dgglwlrqdo xqlw ri wkh rwkhu jurxs*v foxe
jrrg1 Qrwh wkdw vwurqjhu suhihuhqfhv ri wkh ohdghu rqo| udlvh wkh sxeolf
jrrgv surgxfwlrq lq wkh rwkhu jurxs li wkhuh lv d NXM0hhfw +X ﬂ	 A f,1
Wkh lqwxlwlrq lv wkdw vwurqjhu suhihuhqfhv iru wkh sxeolf jrrg ri wkh
ohdghu lq jurxs  lqfuhdvhv wkh vxsso| ri jrrg {= Lq wxuq/ wklv lqfuhdvhv
wkh pdujlqdo xwlolw| ri | iru wkh ohdghu lq jurxs 2/ zklfk uhvxowv lq d
kljkhu surgxfwlrq1 Fohduo|/ wkh wklug urz vkrzv wkdw wkh lqfuhdvh lq |
iroorzlqj dq lqfuhdvh lq { lv kljkhu zkhq wkh NXM0hhfw lv odujh1
Sursrvlwlrq 4 Zkhq wkhuh lv d cNhhslqj Xs zlwk wkh Mrqhvhv* hhfw
+X 	 > X ﬂ	 A f, dqg wkhuh duh qhjdwlyh vsloo ryhuv + X 	 > X ﬂ ? f ,/ ghfhq0
wudol}hg srolf|0pdnlqj uhvxowv lq ghohjdwlrq wr d ohdghu zkr kdv d orzhu
suhihuhqfh iru foxe jrrgv wkdq wkh phgldq phpehu ri wkh jurxs +  ?   1
E| wdnlqj wkh frpsdudwlyh vwdwlf uhvxow lq+9,/ xvlqj wkdw    X  E   '
f lq vwdjh 5 dqg hfrqrpl}lqj rq qrwdwlrq/ lw iroorzv wkdw=
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Vlqfh X 	 ? f> li g|@g{ A f lw iroorzv wkdw wkh phgldq jurxs phpehu
ghohjdwhv wr d ohdghu zkr fduhv ohvv iru wkh sxeolf jrrg wkdq klpvhoi
+   ?   ,/ zkhuh wkh vxshuvfulsw g uhplqgv xv wkdw zh duh dqdo|}lqj
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ghfhqwudol}hg srolf|0pdnlqj1 Wkh uhdvrq lv wkdw e| grlqj vr/ wkh phgldq
phpehu frpplwv wr orzhu sxeolf jrrgv surgxfwlrq lq khu rzq jurxs dqg
orzhu surgxfwlrq lq wkh rwkhu jurxs1 Khqfh/ wkh ehqhwv iurp orzhu frvwv
soxv wkh jdlq lq xwlolw| iurp orzhu vxsso| e| wkh rwkhu jurxs duh kljkhu
wkdq wkh orvv lq xwlolw| iurp orzhu foxe jrrgv vxsso| e| klv rzq jurxs1
Zkhq frpsduhg wr wkh ghfhqwudol}hg htxloleulxp zlwkrxw ghohjdwlrq lq
+5,/ wkh ohyho ri foxe jrrgv lv orzhu lq wkh suhvhqfh ri vwudwhjlf ghohjd0
wlrq1 Krzhyhu/ e| frpsdulqj +43, zlwk +6, zh fdq vhh wkdw ghfhqwudol}hg
vxsso| lv wrr kljk ehfdxvh g|@g{ ? 1
815 Fhqwudol}hg srolf|0pdnlqj
Zkhq jurxsv frrshudwh/ zh dvvxph wkdw wkh ohdghuv djuhh e| pxwxdo
frqvhqw rq foxe jrrgv vxsso|1 Khqfh/ wkh| pd{lpl}h wkhlu mrlqw zhoiduh
X  E   '    X  E{> | n  ﬂ X ﬂ E{> |1 Wklv surylghv wkh wzr uvw0rughu
frqglwlrqv iru wkh rswlpdo { dqg |=
X  '    X  E{> | n  ﬂ X ﬂ E{> | ' f +45,
X 	 '    X 	 E{> | n  ﬂ X ﬂ	 E{> | ' f +46,
Wkh vhw xs ri fhqwudol}hg srolf|0pdnlqj iroorzv wkh vwuxfwxuh ri cfrqvr0
fldwlrqdo* srolf|0pdnlqj lq glylghg vrflhwlhv/ dq dssurdfk wkdw jdlqhg
surplqhqfh lq srolwlfdo vflhqfh lq wkh 4<;3v dqg zdv frqvhtxhqwo| sudf0
wlfhg lq wkh shdfh lqlwldwlyhv wkdw zh glvfxvv odwhu lq wkh duwlfoh +Ervh
533:= :7,1 Lw kdv wkuhh pdmru slooduv1 Iluvw/ jryhuqphqw vkrxog eh d
judqg frdolwlrq ehwzhhq jurxsv hqfrpsdvvlqj wkhlu holwhv1 Lq dgglwlrq/
wkhuh vkrxog eh cvhjphqwdo dxwkrulw|* zklfk frxog wdnh d whuulwruldo ru
qrq0whuulwruldo irup1 Lq sudfwlfh wklv frxog dovr phdq d vfdo dxwkrulw| dw
wkh orfdo ohyho1 Odvw/ jurxsv vkrxog krog yhwr uljkwv rq lvvxhv wkdw wkh|
frqvlghu wr eh lq wkhlu edvlf lqwhuhvwv1 Wkhvh dvvxpswlrqv rq fhqwudol}hg
srolf|0pdnlqj duh ehklqg wkh uvw0rughu frqglwlrqv +45, dqg +46,1
Wr ghulyh wkh frrshudwlyh vwdwlf hhfwv iru foxe jrrgv vxsso| lq htxl0
oleulxp/ zh wrwdoo| glhuhqwldwh wkh uvw0rughu frqglwlrqv/ qrwlqj djdlq
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wkdw lq v|pphwulf htxloleulxp    '  ﬂ '   wr jlyh=%  X    X 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Khqfh wkh frpsdudwlyh vwdwlfv uhvxowv iru fhqwudol}hg srolf|0pdnlqj +qrw0
lqj wkdw X 	 ' X ﬂ	 , duh=
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X ﬂ	 ?  +49,
zkhuh M '   X  X 	
	  X 	 X 	  A f lv dvvxphg1
Sursrvlwlrq 5 Zkhq wkhuh duh qhjdwlyh vsloo ryhuv + X 	 > X ﬂ ? f ,/ fhq0
wudol}hg srolf|0pdnlqj uhvxowv lq ghohjdwlrq wr d ohdghu zkr kdv d vwurqjhu
suhihuhqfh iru foxe jrrgv wkdq wkh phgldq phpehu ri wkh jurxs +  A   1
Wkh lqfhqwlyhv iru ghohjdwlrq wr vxfk d cfoxe jrrgv orylqj ohdghu* duh gh0
fuhdvlqj lq wkh NXM0hhfw1
Lq vwdjh 4 wkh phgldq phpehu pd{lpl}hv klv xwlolw| e| fkrrvlqj wkh
suhihuhqfhv ri wkh ohdghu1 Wkhvh suhihuhqfhv djdlq pd{lpl}h +9,1 Xvlqj
wkh frpsdudwlyh uhvxowv ri wklv vhfwlrq lw iroorzv wkdw=
   dX  n
g|
g{
 "
X 	 o ' f '    X  n   ﬂ X ﬂ +4:,
  "
  '
X  n   	

 " X 	
X  n X 	   +4;,
Khqfh/ wkh phgldq yrwhu ghohjdwhv wr d shuvrq zlwk vwurqjhu suhihuhqfhv
iru wkh foxe jrrg wkdq klpvhoi/ dqg wkh vxshuvfulsw f uhplqgv xv wkdw zh
duh dqdo|}lqj fhqwudol}hg srolf|0pdnlqj1
Lw lv lqvwuxfwlyh wr frpsduh +44, dqg +4;, lq rughu wr vkhg pruh
oljkw rq wkh hhfwlyhqhvv ri ghohjdwlrq xqghu wkh wzr uhjlphv1 E| wklv
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zh phdq wkh h{whqw wr zklfk wkh phgldq yrwhu zloo fkrrvh h{wuhph
ohdghuv1 Lpdjlqh uvw d zruog lq zklfk wkhuh lv qr NXM hhfw +X ﬂ	 ' f,1
Iru wkh ghfhqwudol}hg fdvh zh fdq vhh iurp +<, dqg +44, wkdw wkhuh lv
qr ghohjdwlrq    '   1 Lq wkh fhqwudol}hg fdvh zh fdq vhh iurp +49,
dqg +4;, wkdw   	

 " lv qhjdwlyh dqg wkdw wkhuh lv ghohjdwlrq wr d foxe0
jrrg oryhu1 Htxdwlrq +48, fodulhv wklv srlqw1 Jurxs 5 zrxog vlpso| eh
uhgxflqj | dv dq lqwhuqdol}dwlrq ri wkh h{whuqdolw| dqg jurxs 4 zrxog
eh deoh wr lqfuhdvh { zlwkrxw suryrnlqj d NXM uhvsrqvh rq wkh sduw
ri jurxs 5 +uh hfwhg e| wkh vhfrqg whup lq +47, gursslqj rxw,1 Rxu
lqwhuhvw wkrxjk lv lq wkh vljqlfdqw h{lvwhqfh ri wkh NXM hhfw1 Dv zh
doorz lw wr lqfuhdvh zh fdq revhuyh wzr pdlq hhfwv1 Wkh uvw hhfw
lv wkdw wkh hhfwlyhqhvv ri ghohjdwlrq ehfrphv ohvv lq wkh fhqwudol}hg
v|vwhp dqg juhdwhu lq wkh ghfhqwudol}hg v|vwhp1 Qrwh wkdw   	

 " dqg 
	


  duh lqfuhdvlqj lq wkh NXM hhfw1 Iurp +4;, zh fdq whoo wkdw  
ehfrphv forvhu wr   dqg iurp +44, zh fdq vhh wkdw wkh| ehfrph ixuwkhu
dsduw1 Wkh lqwxlwlrq lv fohdu1 Lq erwk fdvhv dq lqfuhdvlqjo| prghudwh
fkrlfh ri ohdghu pdnhv vhqvh ehfdxvh ri wkh NXM hhfw suryrnlqj ryhu
surgxfwlrq ri { dqg |1 Lw lv mxvw wkdw lq wkh fhqwudol}hg fdvh/ wkh ohdghu
pryhv wrzdugv wkh phgldq yrwhu iurp wkh foxe0jrrg orylqj hqg ri wkh
vshfwuxp dqg lq wkh ghfhqwudol}hg fdvh wkh ohdghu pryhv dzd| iurp wkh
phgldq yrwhu wrzdugv wkh qrq foxe0jrrg orylqj hqg ri wkh vshfwuxp1
Wkh vhfrqg hhfw wr qrwh lv wkdw wkh udwh ri lqfuhdvh lq   	

 " lv juhdwhu
wkdq iru   	

  ehfdxvh wkh NXM hhfw dgglwlrqdoo| uhgxfhv wkh ydoxh ri
wkh ghqrplqdwru lq +49,1
Qrwh wkrxjk wkdw ehfdxvh lq +49, zh kdyh dvvxphg wkdw EX  n
X ﬂ @2 A X ﬂ	 > lw lv wkh fdvh wkdw g|@g{ lv dozd|v vpdoohu iru fhqwudo0
l}hg srolf|0pdnlqj1 Wkh lpsolfdwlrq lv wkdw ghohjdwlrq wr d shuvrq zlwk
vwurqjhu suhihuhqfhv lv pruh hhfwlyh/ vlqfh wkh qhjdwlyh hhfwv ri d ulvh
lq | duh lqwhuqdol}hg dw wkh fhqwudol}hg ohyho1 Wkhvh lqfhqwlyhv duh ghfolq0
lqj lq wkh NXM hhfw vlqfh wklv zrxog udlvh wkh fkdqjh lq | iru d jlyhq
ohyho ri lqfuhdvh lq {=
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9 Vxppdu| dqg Glvfxvvlrq ri wkh Uhvxowv
Wkh ryhudoo frqfoxvlrq lv wkdw fhqwudol}dwlrq ri srolf|0pdnlqj lq wkh suhv0
hqfh ri h{whuqdolwlhv dqg ulydou| gudpdwlfdoo| dowhuv wkh vwudwhjlf ghohjd0
wlrq ghflvlrq1 Zkhq wkhuh lv ghfhqwudol}hg srolf|0pdnlqj/ yrwhuv wdnh
dffrxqw ri wkh ulydourxv ihholqjv lq wkh rwkhu jurxs1 Khqfh/ wkh| vhohfw
ohdghuv zkr duh prghudwhv1 Krzhyhu/ zkhq wkh qhjdwlyh h{whuqdolwlhv
lpsrvhg rq wkh rwkhu jurxs duh lqwhuqdol}hg/ jurxs phpehuv dowhu wkhlu
ohdghuvkls fkrlfh dqg vhohfw ohdghuv zkr duh h{wuhph1 Lw zloo eh xvhixo
wr vxppdul}h wkh uhvxowv ri wkh prgho lq whupv ri frqvslfxrxv sxeolf
jrrg surgxfwlrq +ryhuvxsso| ru h!flhqw vxsso|, dqg zhoiduh udqnlqj +lq
whupv ri wkh h{whqw wr zklfk sxeolf jrrgv duh ryhuvxssolhg, dv lq Wdeoh
L1
Wdeoh L= Vxppdu| ri wkh uhvxowv1
Ghfhqwudol}hg srolf|0pdnlqj Fhqwudol}hg srolf|0pdnlqj
Vlqfhuh yrwlqj Ryhuvxsso| +htxdwlrq 5, H!flhqw +htxdwlrq 6,
Irxuwk0ehvw Iluvw0ehvw
Vwudwhjlf yrwlqj Ryhuvxsso| +htxdwlrq 43, Ryhuvxsso| +htxdwlrq 4:,
Vhfrqg0ehvw Wklug ehvw
Fohduo|/ lq wkh suhvhqfh ri d frpplwphqw wr vlqfhuh yrwlqj/ wkh uvw0
ehvw fdq eh dfklhyhg e| srolf| fhqwudol}dwlrq/ vr dv wr lqwhuqdol}h wkh
h{whuqdolwlhv ri frqvslfxrxv sxeolf jrrgv +FSJ, frqvxpswlrq1 Iru doo
rwkhu vlwxdwlrqv/ FSJ frqvxpswlrq lv kljkhu wkdq lq wklv uvw0ehvw1 Wkh
zruvw rxwfrph dulvhv zkhq lq d ghfhqwudol}hg srolf|0pdnlqj iudphzrun
wkh phgldq yrwhu klpvhoi lv lq r!fh/ vlqfh wkhq srolf|0pdnlqj surgxfhv
kljk h{whuqdolwlhv rq wkh rwkhu jurxs1 (
) Wr frqqhfw wkhvh zhoiduh hhfwv wr wkh uhvxowv ri wkh suhylrxv vhfwlrqv/ uhfdoo wkdw
wkh uvw0rughu frqglwlrq iru wkh phgldq shuvrq lq jurxs 4 lv  *  ^X  .+g|@g{,X  ` @ f1
Lq wkh v|pphwulf htxloleulxp { @ |/ zklfk lpsolhv wkdw zkhq zkhq zh frpsduh wkh
ghfhqwudol}hg zlwk wkh fhqwudol}hg rxwfrph iru d jlyhq  * / li g|@g{ lv kljkhu/ wkhq {
lq wkdw fdvh lv orzhu/ vlqfh X  lv qhjdwlyh1
Qrwh wkdw zh duh rqo| frqvlghulqj wkh fdvh zkhuh +49, lv srvlwlyh/ wkdw lv/ zh duh
frqvlghulqj rqo| vlwxdwlrqv zkhuh wkh NXM hhfw lv vljqlfdqwo| suhvhqw1 Zhuh lw wr
eh orz ru qrq0h{lvwhqw/ vwudwhjlf yrwlqj xqghu fhqwudol}hg srolf| pdnlqj zrxog eh
wkh irxuwk ehvw rxwfrph1
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Wkh prvw lqwuljxlqj uhvxow dulvhv lq wkh erwwrp urz1 Lq wkh suhvhqfh
ri vwudwhjlf yrwlqj/ fhqwudol}dwlrq uhgxfhv zhoiduh1 Wkh lqwxlwlrq lv wkdw
fhqwudol}dwlrq uhyhuvhv wkh ghohjdwlrq ghflvlrq1 Exw lq dgglwlrq/ fhqwudo0
l}dwlrq dovr lqwhuqdol}hv srolf| h{whuqdolwlhv/ zklfk pdnhv ghohjdwlrq wr
d shuvrq zlwk vwurqjhu suhihuhqfhv pruh hhfwlyh1 Wkh frpelqdwlrq ri
wkhvh wzr hhfwv phdqv wkdw fhqwudol}dwlrq uhgxfhv zhoiduh zkhq frp0
sduhg wr ghfhqwudol}hg srolf|0pdnlqj1 Ixuwkhu/ zh kdyh qrwhg wkdw wkhvh
hhfwv duh ohvv vwurqj iru kljkhu ohyhov ri frqvslfxrxvqhvv ri wkh jrrgv
+d kljkhu ydoxh ri X 	 1 Wkh uhdvrq lv wkdw wkh lqfuhdvh lq { wkdw iroorzv
ghohjdwlrq dovr udlvhv wkh vxsso| lq wkh rwkhu jurxs1 Khqfh/ wklv uhgxfhv
wkh lqfhqwlyh wr ghohjdwh wr d foxe jrrg orylqj ohdghu dqg wkxv lpsuryhv
wkh fhqwudol}hg srolf| rxwfrph1 Lw dovr lpsolhv wkdw fhqwudol}dwlrq pd|
eh ohvv edg lq vrflhwlhv wkdw sodfh d kljk ydoxh rq wkh frqvslfxrxvqhvv
ri foxe jrrgv zkhq frpsduhg wr sulydwh frqvxpswlrq1
Krzhyhu/ wkh edvholqh uhvxow ri wkh duwlfoh lv wkdw vwudwhjlf ghohjdwlrq
uhgxfhv wkh ehqhwv ri fhqwudol}dwlrq/ vlqfh wkhuh lv dq lqfhqwlyh wr gho0
hjdwh wr d srolf| pdnhu zlwk kljkhu suhihuhqfhv iru wkh sxeolf jrrg1 E|
frqwudvw/ ghfhqwudol}hg srolf|0pdnlqj pd| surgxfh ehwwhu uhvxowv wkdq
h{shfwhg/ iru jurxsv glvfrxqw wkh srvlwlyh uhdfwlrq ri rwkhuv wkdw frphv
derxw ehfdxvh ri wkh vhohfwlrq ri d pruh prghudwh ohdghu1 +
Wkh lpsolfdwlrqv ri vwudwhjlf ghohjdwlrq iru wkh hhfwlyhqhvv ri fr0
rshudwlrq pljkw eh ghsuhvvlqj dw uvw vljkw1 Krzhyhu/ wkhuh pd| eh
rswlrqv lq wkh frqvwlwxwlrqdo vwdjh wr uhvroyh wkh sureohp1 Iluvw/ zkhq
srolflhv duh frruglqdwhg/ lq wkh frqvwlwxwlrqdo vwdjh lw pljkw eh srvvleoh
wr lpsrvh vshqglqj olplwv rq wkh ghfhqwudol}hg surgxfwlrq ri frqvslfx0
rxv sxeolf jrrgv1 Uhihuulqj wr Ehvoh| ) Frdwh +5336, lw pd| qrw eh d
, Dowkrxjk wklv uhvxow pd| dw uvw vwulnh wkh uhdghu dv h{wuhph/ lw dfwxdoo| lv
zhoo lq olqh zlwk uhfhqw suholplqdu| hpslulfdo zrun e| Froolhu ) Urkqhu +533:,1
Wkh| vkrz wkdw shdfhixo vhwwohphqw ri flylo frq lfw riwhq uhvxowv lq lqfuhdvhg ylrohqfh
diwhuzdugv +ulrwv/ dvvdvvlqdwlrqv/ hwf1,1 Wkh h{sodqdwlrq wkh| jlyh iru wklv lv yhu|
frpshoolqj zkhq wkh| dujxh wkdw lw lv gxh wr wkh idfw wkdw ghprfudwlf vhwwohphqw
surgxfhv d zlqqhu +riwhq wkh lqfxpehqw, dqg d orvhu +wkh uheho ohdghu,1 Zkhq wkh
odwwhu frqwhvwv wkh rxwfrph ehfdxvh ri yrwh uljjlqj/ ylrohqfh lqfuhdvhv zkhq frpsduhg
wr wkh uhodwlyho| txlhw shulrg ehiruh wkh hohfwlrqv1 Zh dujxh wkdw dq dgglwlrqdo
h{sodqdwlrq iru wklv idfw lv wkdw d surfhvv ri shdfhixo vhwwohphqw ri flylo frq lfw pd|
dowhu wkh ohdghuvkls vwuxfwxuh zlwklq erwk ulydo jurxsv wrzdugv wkh grplqdqfh ri
pruh h{wuhplvw iurqw phq1
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jrrg lghd wr fhqwudol}h ixqglqj/ iru wklv zrxog fuhdwh d frpprq srro
hhfw zklfk lqfuhdvhv wkh lqfhqwlyhv iru vwudwhjlf ghohjdwlrq1 Krzhyhu/
wklv zrxog rqo| zrun iru wkh surgxfwlrq ri frqvslfxrxv sxeolf jrrgv
zklfk hqwdlo d odujh frqvwuxfwlrq frvw1 Wkh frvwv iru pdq| frqvslfxrxv
dfwlrqv duh qrw lq wkhlu frqvwuxfwlrq/ exw lq wkh srwhqwldo ixwxuh frvwv
wkdw pd| dulvh wkurxjk wkh lqfuhdvhg ulvn ri frq lfw1
D vhfrqg rswlrq lv wr h{ dqwh lpsrvh srolf| xqliruplw|1 Rxu uhvxowv
fuxfldoo| ghshqg rq wkh dvvxpswlrq wkdw fhqwudol}hg frqvslfxrxv sxeolf
jrrgv vxsso| fdq eh glhuhqwldwhg dprqj jurxsv1 Li wkhuh lv qr vfrsh
iru glhuhqwldwlrq/ wklv wdnhv dzd| wkh lqfhqwlyh iru vwudwhjlf ghohjdwlrq1
Wr vrph h{whqw wklv vroxwlrq lv d srolwlfdo yhuvlrq ri Rdwhv +4<:5, ghfhq0
wudol}dwlrq wkhruhp1 Lq klv zrun lw lv wkh idfw wkdw orfdo suhihuhqfhv pd|
glhu wkdw pd| pdnh fhqwudol}dwlrq lqihulru/ hyhq lq wkh fdvh ri h{whu0
qdolwlhv1 Lq rxu duwlfoh/ lw lv wkh srwhqwldo iru suhihuhqfhv wr eh glhuhqw
dw wkh fhqwudol}hg ohyho wkdw wuljjhuv ghohjdwlrq vr dv wr uhgxfh zhoiduh1
D wklug uhodwhg vroxwlrq lv wr ghohjdwh wr d vlqjoh srolf| pdnhu zkr grhv
qrw ruljlqdwh iurp rqh ri wkh jurxsv/ wkh h{whuqdo eurnhu1
Irxuwk/ kdug vfdo uxohv dw wkh fhqwudol}hg ohyho fdq surklelw wkh
h{fhvv surgxfwlrq ri sxeolf jrrgv1 Krzhyhu/ wkh| gr qrw uhgxfh wkh
lqfhqwlyhv iru vwudwhjlf ghohjdwlrq/ iru hdfk jurxs zrxog olnh wr rewdlq
d odujhu vkduh ri wkh fdnh1 Lqghhg/ kdug vfdo uxohv zrxog pdjqli| wkh
lqfhqwlyhv iru ghohjdwlrq/ dv wkh pdujlqdo ehqhwv ri sxeolf jrrgv duh
kljkhu1 Ilqdoo|/ rqh pljkw dujxh wkdw wkh irup ri fhqwudol}dwlrq ghslfwhg
khuh lv kljko| vlpsolhg1 Wkhuh pd| eh ixuwkhu lqvwlwxwlrqdo ghylfhv
wkdw frxog eh fuhdwhg zklfk zrxog ryhufrph wkh sureohp ri vwudwhjlf
ghohjdwlrq1 Wklv srlqw zloo eh vwuhvvhg lq wkh qh{w vhfwlrq1 Lq wkdw
vhfwlrq/ zh zloo surylgh dq dqdo|vlv ri wzr frq lfwv/ rqh ri zklfk zh
zloo dujxh frqirupv wr wkh pdlq uhvxowv ri rxu prgho +h{klelwlqj erwk
vwudwhjlf ghohjdwlrq dqg edg iru zhoiduh, dqg dqrwkhu zkhuh wkhuh lv
vwudwhjlf ghohjdwlrq/ exw wkh zhoiduh uhvxowv duh ehwwhu/ exw qrw dv jrrg
dv pljkw kdyh ehhq krshg1
4:
: Dssolfdwlrqv
Wkh zlghu lpsolfdwlrq ri rxu wkhruhwlfdo prgho lv wkdw wkh frqvwlwxwlrqdo
vhwwlqj lq +hwkqlfdoo|, iudfwlrqdol}hg frxqwulhv pdwwhuv iru hohfwrudo rxw0
frphv1 Lq wklv vhfwlrq/ zh glvfxvv zkhwkhu ihghudolvp kdv dhfwhg ohdghu0
vkls fkrlfh lq Hxursh*v wzr prvw uhfhqw ylrohqw flylo frq lfwv1 Iluvw/ zh
vwduw zlwk wkh frq lfw lq Qruwkhuq Luhodqg dqg glvfxvv wkh hhfwv ri wkh
Ehoidvw djuhhphqw zklfk cirufhv* Surwhvwdqwv dqg Fdwkrolfv wr zrun wr0
jhwkhu1 Zh vkrz wkdw wklv kdv uhgxfhg srolwlfdo vxssruw iru prghudwh sr0
olwlfdo sduwlhv1 Vhfrqg/ zh frqvlghu wkh uhyhuvh fdvh ri \xjrvodyld/ zkhuh
zh dujxh wkh ghohjdwlrq wr h{wuhplvw ohdghuv dffhohudwhg wkh ghfolqh lqwr
zdu ri wkh Edondqv1 Lq dgglwlrq/ zh dujxh wkdw euhdnlqj xs wkh \xjrvody
ihghudwlrq kdv ohg wr wkh vhohfwlrq ri pruh prghudwh ohdghuv1
:14 Wkh Ehoidvw Djuhhphqw
Qruwkhuq Luhodqg kdg lwv rzq sduoldphqw iurp wkh sduwlwlrq ri Luhodqg
lq 4<53 xqwlo lwv vxvshqvlrq lq 4<:51 Krzhyhu/ wkhuh lv qr phdqlqjixo
vhqvh lq zklfk wklv sduoldphqw frxog eh ghvfulehg dv fhqwudol}hg lq wkh
whupv ri rxu prgho1 Lw zdv uxq odujho| iru wkh ehqhw ri Xqlrqlvwv dqg
idluo| eodwdqw jhuu|pdqghulqj zdv hqjdjhg lq wr pdlqwdlq wklv vwdwh ri
ddluv1 Hhfwlyho|/ wklv zdv d shulrg ri ghfhqwudol}hg ghflvlrq0pdnlqj
e| wkh Xqlrqlvw dqg Qdwlrqdolvw srsxodwlrqv1 -
Erwk jurxsv hqjdjhg lq jurxs0vshflf dfwlylwlhv1 Rq wkh Xqlrqlvw
vlgh wkh Qruwkhuq Luhodqg vwdwh vdqfwlrqhg krolgd|v rq gd|v ri Surwhvwdqw
vljqlfdqfh/ wkh exloglqj ri vwdwxhv dqg wkh vwdwh lwvhoi frxog eh ylhzhg
dv d Xqlrqlvw foxe jrrg1 Wklv frxog eh vhhq lq wkh glvfulplqdwlrq djdlqvw
Fdwkrolfv dqg wkh doprvw h{foxvlyho| Surwhvwdqw srolfh irufh/ wkh Ur|do
Xovwhu Frqvwdexodu| +hyhq lwv qdph jhqhudwhg krvwlolw| lq wkh Fdwkrolf
frppxqlw|,1 Rq wkh Fdwkrolf vlgh/ wkhuh zdv d whqghqf| wr rsw rxw
ri wu|lqj wr dfklhyh wkhlu jrdov wkrxjk wkh vwdwh dqg wkh| irfxvvhg rq
ghyhorslqj wkhlu rzq qhzvsdshuv/ Jdholf vsruwv foxev/ hgxfdwlrq dqg vr
rq1 Wklv fdxvhg dqwdjrqlvp dprqjvw pdq| Xqlrqlvwv zkr ihow pruh
. Wkhuh duh qxphurxv uhihuhqfhv rq wkh klvwru| ri Qruwkhuq Luhodqg/ h{dpsohv
duh Khqqhvvh| +4<<:, dqg Pxokroodqg +5335,1 Iru d pruh dqdo|wlfdo dssurdfk vhh
PfJduu| ) R*Ohdu| +4<<8,1
4;
hruw frxog eh pdgh e| Fdwkrolfv wr lqwhjudwh/ zklfk zrxog lq wxuq
uhgxfh wkh qhhg wr surwhfw wkh h{lvwhqfh ri Qruwkhuq Luhodqg wkurxjk
jhuu|pdqghulqj dqg glvfulplqdwlrq1
Vlpphulqj uhvhqwphqw vsloohg ryhu lqwr zlghvsuhdg ylrohqfh lq wkh
odwh 4<93*v dqg srolwlfdo ylrohqfh ehfdph wkh ghsuhvvlqj irup ri jurxs
lqwhudfwlrq iru urxjko| wkh qh{w 58 |hduv1 Wkurxjkrxw wklv zkroh shulrg
wkhuh zdv d uhdvrqdeoh dprxqw ri rshq dqg vxevwdqwldo wdflw vxssruw
iru srolwlfdo ylrohqfh rq erwk vlghv exw wkhuh zdv qrw d vwurqj whqghqf|
wr vxssruw h{wuhplvwv lq hohfwlrqv1 Lq olqh zlwk rxu prgho zh lqwhusuhw
wklv dv d uhdol}dwlrq rq wkh sduw ri yrwhuv wkdw wkh ghvwuxfwlyh qdwxuh ri
ghfhqwudol}hg jurxs lqwhudfwlrq frxog eh rvhw wr vrph h{whqw e| yrwlqj
iru prghudwhv zkr zloo wrqh grzq wkh ylrohqfh dqg srvvleo| hyhq qg d
shdfhixo vroxwlrq1
Vxfk dq hyhqw qdoo| hphujhg zlwk wkh vljqlqj ri wkh Ehoidvw Djuhh0
phqw lq 4<<;1 Krzhyhu/ diwhu 4<<; wkhuh kdv ehhq d fohdu pryhphqw
wrzdugv wkh pruh h{wuhph Ghprfudwlf Xqlrqlvw Sduw| +GXS, dqg Vlqq
Ihlq dqg dzd| iurp wkh pruh prghudwh Xovwhu Xqlrqlvwv +XXS, dqg Vr0
fldo Ghprfudwlf dqg Oderu Sduw| +VGOS,1 Wdeoh LL vkrzv yrwh vkduhv lq
Zhvwplqvwhu hohfwlrqv vlqfh 4<;6 dqg ghprqvwudwhv wkh srlqw1 /
Wdeoh LL= Hohfwlrq uhvxowv iru Qruwkhuq Luhodqg/ 4<;6053381
4<;6 4<;: 4<<5 4<<: 5334 5338
XXS 67 6:1; 6718 651: 591; 4:1:
GXS 53 441: 4614 4619 5518 661:
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Shukdsv xqghu fhqwudol}hg ghflvlrq0pdnlqj wkh hohfwrudwh ri Qruwk0
huq Luhodqg suhihuv wr hohfw kdug0olqh qhjrwldwruv zkhq wkh| eholhyh wkdw
wkhuh lv olwwoh olnholkrrg ri d uhvxpswlrq ri srolwlfdo ylrohqfh +lq olqh zlwk
Sursrvlwlrq 4,/ exw duh lqfolqhg wr yrwh iru prghudwhv zkhq frq lfw h{0
lvwv lq dq hruw wr vhfxuh shdfh +lq olqh zlwk Sursrvlwlrq 5,1 Xqwlo wkh
uhfhqw uhvwrudwlrq +Pd| 533:, ri ghyroyhg jryhuqphqw lq Qruwkhuq Luh0
odqg/ d sduwlfxodu lurq| h{lvwhg lq wkdw ehiruh wkh Ehoidvw Djuhhphqw
0 Gdwd iurp kwws=22zzz1dun1df1xn2hohfwlrqv1
4<
wkh surylqfh zdv jryhuqhg e| gluhfw uxoh iurp Zhvwplqvwhu1 Exw wkhq
zkhq ohjlvodwlrq zdv sxw lq sodfh iru ghyroyhg jryhuqphqw/ wkh wzr frp0
pxqlwlhv vhohfwhg ohdghuv zkr frxog qrw djuhh xsrq vkdulqj srzhu/ vr
Qruwkhuq Luhodqg zdv/ rqfh djdlq/ jryhuqhg gluhfwo| iurp Zhvwplqvwhu1
Dovr dw wkh jurxqg ohyho wkhuh kdyh ehhq pryhv wrzdugv juhdwhu jurxs
glvwlqfwlrq/ iru lqvwdqfh lq uhvsrqvh wr ixqglqj iru wkh surprwlrq ri wkh
Lulvk odqjxdjh/ Surwhvwdqwv kdyh uhvsrqghg e| ghpdqglqj ixqglqj iru
wkh surprwlrq ri Xovwhu0Vfrwv1 Pxokroodqg +5335= 484, zulwhv cPdq|
frpphqwdwruv lq wkh vxpphu ri 5334 wkrxjkw wkdw wkh jxoi ehwzhhq wkh
wzr frppxqlwlhv 0 lq wkhlu dvsludwlrqv dqg vrfldo olyhv 0 wr kdyh ehhq
zlghu wkdq dw dq| wlph lq wkh suhylrxv 63 |hduv1* Wklv lv suhflvho| wkh
vruw ri rxwfrph wkdw wklv duwlfoh suhglfwv1
Lq whupv ri wkh prgho/ wkh zhoiduh lpsolfdwlrqv +dv rxwolqhg lq vhfwlrq
9, gr qrw vhhp wr ixoo| krog lq wkh fdvh ri Qruwkhuq Luhodqg1 Zkloh zh
kdyh dujxhg wkdw wkh pryhphqw iurp qrq0frrshudwlyh wr frrshudwlyh
hqylurqphqwv pd| qrw eulqj dv vljqlfdqw d fkdqjh dv pljkw kdyh ehhq
h{shfwhg ru krshg iru lw zrxog eh h{wuhpho| gl!fxow wr dujxh wkdw wkh
vlwxdwlrq lv zruvh wkdq ehiruh srzhu0vkdulqj1 Vr zkdw grhv wkh prgho
qrw fdswxuhB Uhfdoo wkdw wkh prgho suhvhqwv frvwv lq d yhu| jhqhudo zd|1
Lq frq lfwxdo vrflhwlhv/ d frvw ri fkrrvlqj dq h{wuhplvw lv qrw vr pxfk
uhvrxufh frvwv lqfxuuhg wrgd| exw udwkhu wkh frvwv dvvrfldwhg zlwk d
kljkhu suredelolw| ri ixwxuh frq lfw1 Krzhyhu/ wklv fohduo| ghshqgv xsrq
wkh delolw| ri frrshudwlyh lqvwlwxwlrqv wr uhpryh wkh srwhqwldo iru ixwxuh
frq lfw1 Wklv pd| eh d suhpdwxuh mxgjphqw exw lw frxog eh dujxhg wkdw
wkh Ehoidvw Djuhhphqw kdv ehhq vxffhvvixo rq wklv fuxfldo iurqw1
Wkh wkuhh vwudqgv ri wkh Djuhhphqw dgguhvv lqwhuqdo srzhu vkdulqj
+vwudqg 4,/ wkh uhodwlrqvkls zlwk wkh Uhsxeolf ri Luhodqg +vwudqg 5, dqg
wkh uhodwlrqvkls zlwk wkh uhjlrqv ri Eulwdlq dqg Luhodqg +vwudqg 6,1 Wkh
vhfrqg dqg wklug vwudqgv frxog eh ylhzhg dv lqvwlwxwlrqv wkdw wdnh wkh
khdw rxw ri wkh frq lfw +e| surylglqj dvvxudqfhv wr wkh wzr frppxql0
wlhv, dqg wkxv surylgh wkh vsdfh iru vwudqg 4 wr rshudwh1 Qrqhwkhohvv/
dqg lq olqh zlwk rxu prgho/ lw lv olnho| wr kdyh ehhq wkh krsh ri wkrvh
zkr ghvljqhg wkh Ehoidvw Djuhhphqw wkdw lw zrxog surylgh iru juhdwhu
frppxqlw| lqwhjudwlrq udwkhu wkdq d vzlqj wrzdugv h{wuhph sduwlhv dqg
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wkh hqwuhqfkphqw ri Or|dolvw dqg Qdwlrqdolvw vhqwlphqw1 Lq wkh iroorz0
lqj vhfwlrq zh zloo vhh dq h{dpsoh zkhuh wkh uhvxowv ri rxu prgho zrxog
vhhp wr eh frquphg1 21
:15 Wkh Euhdn0xs ri \xjrvodyld
D pdlq suhglfwlrq ri rxu prgho lv wkdw ihghudolvp frxog srwhqwldoo| lq0
fuhdvh frq lfw wkurxjk ohdghuvkls fkrlfh1 D fdvh lq srlqw duh wkh ghyhors0
phqwv lq wkh Ihghudo Uhsxeolf ri \xjrvodyld diwhu wkh vhfrqg zruog zdu1
Pdq| dxwkruv dwwulexwh d vljqlfdqw sduw ri wkh flylo frq lfw lq wkh 4<<3v
wr wkh frqvwlwxwlrqdo vhw xs ri wkh frxqwu| lq wkh shulrg 4<950<41  Diwhu
wkh zdu/ Wlwr*v frppxqlvwv zhuh zhoo dzduh ri wkh qdwlrqdolvw whqvlrqv
ehwzhhq wkh lqglylgxdo uhjlrqv1 Iru wklv uhdvrq/ wkh| vhw xs d ihghudo0
lvw vwuxfwxuh wkdw ghfhqwudol}hg vljqlfdqw sduwv ri srolf| h{hfxwlrq wr
wkh Uhsxeolfv1 Wr vrph h{whqw/ wkh frxqwu| zdv glylghg dorqj hwkqlf
olqhv +Vhuev/ Furdwv/ Pxvolpv/ dqg Doedqldqv,1 Krzhyhu/ jhrjudsklfdoo|
frqfhqwudwhg plqrulwlhv +hvshfldoo| Vhuev, h{lvwhg zlwklq wkh surylqfhv1
Odwhu/ wkh wuhdwphqw dqg glvfulplqdwlrq ri wkhvh plqrulwlhv wxuqhg rxw
wr eh dq lpsruwdqw fdxvh ri uhjlrqdo dgyhuvlw|1
Dw wkh ihghudo ohyho/ srolf| frruglqdwlrq zdv frqfhqwudwhg lq wkh
kdqgv ri wkh suhvlghqf|/ wkdw frqvlvwhg ri uhsuhvhqwdwlyhv iurp wkh Uh0
sxeolfv/ lq zklfk lqglylgxdo phpehuv khog yhwr srzhu1 Lq khu lqwur0
gxfwlrq/ Udphw +4<<5= 49, qrwhv wkdw/ diwhu wkh ihghudolvw vwuxfwxuh zdv
lpsrvhg/ wkh uhsxeolfv dqg dxwrqrprxv surylqfhv lqfuhdvlqjo| ehfdph
vsrnhvshuvrqv ri wkhlu wlwxodu qdwlrqdolwlhv1 Lq vxppdul}lqj wkh srolwlfdo
vflhqfh olwhudwxuh Urelqvrq/ Hqjhovwriw ) Sreulf +5334= <94, frqfoxgh
111wkh \xjrvody frqvwlwxwlrq hhfwlyho| hqvkulqhg hdfk sduw ri wkh Ihg0
hudwlrq dv dq duhd iru srolwlfv/ dqg xowlpdwho| hqdeohg wkh ruwkrgr{| ri
qdwlrqdolvp wr uhsodfh wkh ruwkrgr{| ri frppxqlvp1 Wkh uhvxow zdv
wkh ulvh wr srzhu ri qdwlrqdolvwv dw wkh uvw iuhh orfdo hohfwlrqv lq 4<<3=
Plorvhylf lq Vhueld/ Wxgmpdq lq Furdwld/ dqg L}hwehjrylf lq Ervqld0
43 Iru d ghhshu dqdo|vlv ri wkh Ehoidvw Djuhhphqw vhh PfJduu| +5334, dqg Mhqqlqjv
+533:,1
ﬁ Vhh Udphw +4<<5, iru dq hoderudwh wuhdwphqw ri wkh hhfwv ri ihghudolvp lq
\xjrvodyld1 Vloehu ) Olwwoh +4<<9, surylgh d ghwdlohg dffrxqw ri wkh froodsvh ri
\xjrvodyld1
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Khu}hjrylqd1
Pdq| vwuhvv wkh hwkqlf urrwv ri wkh frq lfw ehwzhhq wkh Uhsxeolfv/
krzhyhu/ frqvslfxrxv sxeolf jrrgv/ wkh uhglvwulexwlrq ri ixqgv iurp
wkh ihghudo exgjhw/ dqg odujh glhuhqfhv lq hfrqrplf ghyhorsphqw dovr
sod|hg dq lpsruwdqw uroh1 Iru dq h{dpsoh ri frqvslfxrxv sxeolf jrrgv/
Udphw +4<<5, grfxphqwv wkh ulvh ri uhjlrqdo dluolqhv1 Xqwlo 4<94 wkhuh
zdv rqo| rqh dluolqh lq \xjrvodyld/ wkh MDW/ zlwk lwv khdgtxduwhuv lq
Ehojudgh/ Vhueld1 Uhjlrqdo qdwlrqdolvp fuhdwhg ghpdqg iru lqghshqghqw
dluolqhv1 Zkhq/ diwhu vhyhudo qdqfldo fulvhv/ wkh Furdwldq jryhuqphqw
uhvwduwhg d qdwlrqdol}hg uhjlrqdo dluolqh lq 4<:;/ Udphw +4<<5= 497, qrwhv
rq Furdwld*v Wudqv Dguld frpsdq|= c^Wudqv Dguld` zdv/ lq d zrug/ d
%srolwlfdo idfwru|% ri wkh 4<;3v  dq hqwhusulvh zkrvh ydoxh od| qrw lq
wkh vhuylfhv lw surylghg/ exw udwkhu lq lwv phuh h{lvwhqfh dv d Furdwldq
dluolqh1* D vhfrqg h{dpsoh zhuh wkh urzv lq wkh suhvlghqf| ryhu wkh
vshqglqj ri ihghudo ixqgv iru uhjlrqdo uhglvwulexwlrq +wkh IDGXUN, rq
udlozd| dqg urdg frqvwuxfwlrq1 Prvw surplqhqw zhuh wkh fodvkhv ryhu wkh
Ehojudgh0Edu udlourdg/ zklfk wr pdq| pdgh olwwoh hfrqrplf vhqvh/ exw
uhglvwulexwhg d vljqlfdqw sduw ri IDGXUN wr Vhueld dqg Prqwhqhjur1
Whqvlrqv ehwzhhq wkh uhsxeolfv hvfdodwhg lq flylo zdu/ zklfk ohiw \x0
jrvodyld ghydvwdwhg lq wkh 4<<3v1 Diwhu d vkruw vshoo ri krvwlolwlhv ehwzhhq
Ehojudgh dqg Voryhqld/ wkh uvw zdu eurnh rxw ehwzhhq Vhueld dqg Furd0
wld1 Diwhu wkdw/ flylo frq lfw ehwzhhq Vhuev dqg Pxvolpv uxlqhg Ervqld0
Khu}hjrylqd dqg nloohg pdq| lq Nrvryr1 Dw wkh hqg ri wkh 4<<3v/ diwhu
wkh zdu lq Nrvryr/ wkh Uhsxeolfv fdq eh frqvlghuhg lqghshqghqw vwdwhv1
Glg wklv uhgxfh qdwlrqdolvw whqvlrqvB Lq Vhueld/ wkh iruphu frppxqlvwv
orvw srzhu wr wkh rssrvlwlrq ohg e| Gmlqgmlf dqg Nrvwxqlfd1 Lq Furdwld/
zkhuh qdwlrqdolvwv kdg zrq wkh zdu/ Wxgmpdq*v KG] sduw| orvw djdlqvw
wkh olehudo rssrvlwlrq/ rqo| wr uhjdlq vrph jurxqg diwhu wkh rssrvlwlrq
eurnh xs iroorzlqj lqwhuqdo txduuhov1
Wkh h{fhswlrq lv Ervqld0Khu}hjrylqd1 Diwhu wkh Gd|wrq0djuhhphqw
ri 4<<8/ Ervqld zdv jryhuqhg dv d ihghudwlrq e| d suhvlghqf| frqvlvw0
lqj ri d Pxvolp/ d Vhue dqg d Furdw uhsuhvhqwdwlyh1 Wkh Uhsxeolnd
Vusvnd +wkh Vhueldq sduw, frqvlvwhqwo| hohfwv h{wuhph qdwlrqdolvwv zkr
duh eorfnhg iurp r!fh e| QDWR*v kljk uhsuhvhqwdwlyh1 Rq wkh Pxvolp
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vlgh/ L}hwehjrylf uhpdlqhg lq srzhu1 Qdwlrqdolvw whqvlrqv lq Ervqld uxq
vwurqj/ dqg wkh uhjlrqv idlo wr djuhh rq d qhz frqvwlwxwlrq1 Urelqvrq/
Hqjhovwriw ) Sreulf +5334, uhfrug qhz frqvslfxrxv dfwlrqv e| wkh Pxv0
olpv lq Vdudmhyr= pdq| urdgv duh uhqdphg wr uh hfw Ervqldq qdwlrqdolvp
dqg v|perov rq prqh| eloov iru Ervqld uhihu wr Pxvolp vxshulrulw| ryhu
wkh Vhuev1  
Ervh +533:, glvfxvvhv pdq| pruh h{dpsohv zkhuh ulydo jurxsv jkw
ryhu cfrqwhvwhg odqgv*1 V|vwhpdwlfdoo| wkh lvvxhv glvfxvvhg lq wklv duwlfoh
uhwxuq lq klv zrun1 Iru h{dpsoh/ wkh Dqqdq shdfh sodq iru F|suxv
lq 5337 surgxfhg dq ryhuzkhoplqj hohfwrudo ylfwru| iru Juhhn0F|sulrw
srolwlfldqv zlwk d uhmhfwlrqlvw djhqgd/ dv wkh Juhhn0F|sulrwv glg qrw vhh
lw dv d odvw fkdqfh wr irujh d vhwwohphqw1 Wkh sodq zdv nloohg1 Wkh klvwru|
ri Vul Odqnd eulqjv wr wkh iruh wkdw ylrohqfh khosv prghudwhv1 Krzhyhu/
dq| irupdo shdfh lqlwldwlyh sursrvhg e| wkhvh prghudwh srolwlfldqv  vxfk
dv wkrvh lq 4<8:/ 4<98/ 4<:3/ dqg 5338  lqgxfhv wkh Vlqkdohvh0Exggklvw
pdmrulw| lq wkh vrxwk wr idoo iru cfrpshwlwlyh fkdxylqlvp*/ vr wkdw wkh
prvw h{wuhplvw ohdghu zlqv1
Uhodwlqj wr rxu hduolhu h{dpsoh ri *suhvlghqwldo jxdugv* dqg *krq0
rxu euljdghv* lv wkh srvvlelolw| wkdw wkhvh duh lq hhfw wkh sulfh wkdw lv
sdlg wr h{wuhplvwv zkr duh pruh dwwudfwlyh wr yrwhuv zkhq shdfh lv vh0
fxuhg1 D udwkhu ghsuhvvlqj lpsolfdwlrq ri wkh prgho lv wkdw prghudwhv
duh dwwudfwlyh zkhq uhjlrqv duh ulsh iru frq lfw/ exw frq lfw grhv qrw
surprwh ghyhorsphqw1 Lq frqwudvw/ zkhq frq lfw lv ohvv olnho| srwhqwldo
lqyhvwphqw iru ghyhorsphqw pd| eh furzghg rxw e| vshqglqj rq h{shq0
vlyh/ xqsurgxfwlyh frqvslfxrxv jrrgv vxfk dv wkrvh phqwlrqhg deryh1 D
sureohp wkdw wklv duwlfoh srvhv lv wkh iroorzlqj1 Krz fdq d v|vwhp eh
ghvljqhg lq vxfk d zd| vr wkdw prghudwhv ehfrph hohfwdeoh hyhq zkhq
wkh fkdqfhv ri frq lfw vxevlghvB
2 Jlyhq wkhvh vwurqj lghqwlwlhv lq Ervqld/ Fdvshuvhq +5337, dujxhv wkdw frqvrfl0
dwlrqdo dssurdfkhv kdyh ehhq pruh hhfwlyh lq irvwhulqj vwdelolw| wkdq lqwhjudwlyh
dssurdfkhv1
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; Frqfoxglqj Uhpdunv
Lq d wkhruhwlfdo prgho zh vkrzhg wkdw zkhq sxeolf jrrgv duh frqvslf0
xrxv e| qdwxuh/ ghfhqwudol}hg ghflvlrq pdnlqj fdxvhv vxsso| wr eh wrr
kljk1 Fhqwudol}dwlrq ri ghflvlrq pdnlqj srwhqwldoo| vroyhv wklv sureohp1
Krzhyhu/ zkhq zh doorz iru hqgrjhqrxv ohdghuvkls vhohfwlrq/ wkh slfwxuh
fkdqjhv1 Lq wkh ghfhqwudol}hg fdvh/ yrwhuv pd| uhdol}h wkh h{whuqdolw|
dqg wkh uhvxowlqj shuyhuvh v|pphwulf rxwfrph1 Khqfh/ wkh| kdyh dq lq0
fhqwlyh wr frpplw wr orzhu vshqglqj e| hohfwlqj d pruh prghudwh ohdghu
wkdq wkh phgldq ri wkhlu jurxs1 Frqvhtxhqwo|/ ryhuvshqglqj rq frqvslf0
xrxv sxeolf jrrgv zloo eh orzhu1 Wklv ghohjdwlrq hhfw lv uhyhuvhg xqghu
fhqwudol}hg ghflvlrq pdnlqj1 Yrwhuv dqwlflsdwh wkdw wkh h{whuqdolwlhv duh
lqwhuqdol}hg1 Wkhuhiruh/ wkh| kdyh dq lqfhqwlyh wr vhohfw d pruh h{0
wuhph ohdghu wr rewdlq pruh sxeolf jrrgv wkdq wkh rwkhu jurxs1 Khqfh/
fhqwudol}dwlrq dqg srolf| frruglqdwlrq pd| qrw vroyh wkh frqvslfxrxv
sxeolf jrrgv sureohp1 E| hqgrjhql}lqj ohdghuvkls vhohfwlrq zh vkrzhg
wkdw fhqwudol}dwlrq pd| idlo wr lpsuryh vrfldo zhoiduh1
Ohw xv vwuhwfk wkh prgho vrphzkdw dqg frqvlghu lwv uhohydqfh iru
srolf|0pdnlqj1 D uvw lvvxh lv zkhwkhu ghfhqwudol}dwlrq vkrxog eh sur0
prwhg lq ghyhorslqj frxqwulhv wkdw duh surqh wr flylo frq lfw1 Wkh Zruog
Edqn lv dq lpsruwdqw surprwhu ri vxfk srolflhv1 Wkh vwdqgdug uhdvrqv
duh wkdw fhqwudol}hg srolf|0pdnlqj lv vorz dqg exuhdxfudwlf/ plqrulw|
uljkwv duh qrw uhvshfwhg/ dffrxqwdelolw| ri srolf| pdnhuv lv lpsuryhg/
dqg wkdw pdq| uhfhqw hpslulfdo vwxglhv vkrz wkdw ghfhqwudol}hg srolf|0
pdnlqj uhvxowv lq ehwwhu hfrqrplf rxwfrphv1 Wkh dujxphqw djdlqvw wklv
uhdvrqlqj lv wkdw wkhvh frqfoxvlrqv pd| krog iru uhodwlyho| kljk lqfrph
ghyhorslqj frxqwulhv exw qrw iru OGFv/ iru wkhuh lw zrxog lqfuhdvh wkh
fkdqfhv ri flylo frq lfw1 Dv Diulfdq ohdghuv zloo djuhh/ ghfhqwudol}dwlrq
phdqv jlylqj srzhu/ prqh| dqg irrg wr wkh uhehov1 Rxu prgho srlqwv
rxw wkdw wkhvh ohdghuv pd| ryhuorrn wkh idfw wkdw ghfhqwudol}dwlrq ri
srolf|0pdnlqj fdq uhvxow lq pruh flylol}hg rssrqhqwv/ vr dv wr uhgxfh
wkh fkdqfhv ri ylrohqfh1 Wkh uhdvrq lv wkdw zkhq ghfhqwudol}dwlrq kdqgv
ryhu srzhu wr orfdo ohdghuv/ wklv jlyhv uhprwh uhjlrqv zkhuh wkh uhehov
olyh dq lqfhqwlyh wr ehkdyh/ vr dv qrw wr jlyh wkh fhqwudo jryhuqphqw uhd0
vrqv wr lqwhuihuh1 Wklv dujxphqw frxog eh h{whqghg wr vhfhvvlrq1 D pruh
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krshixo phvvdjh iurp wkh duwlfoh lv wkdw zkhuh d vrflhw| grhv euhdn xs
wkh uhvxowv pd| qrw eh dv edg dv dqwlflsdwhg/ mxvw dv fhqwudol}dwlrq pd|
ohdg wr uhvxowv zklfk duh zruvh wkdq dqwlflsdwhg +vhh Wlu/ 5338,1 Wkh glv0
lqwhjudwlrq/ udwkhu wkdq ehlqj d irufh iru fhphqwlqj frq lfw/ pd| udwkhu
eh d irufh iru prghudwlrq1
D vhfrqg lvvxh lv zkhwkhu h{whuqdo eurnhuv ri shdfh vhwwohphqwv vkrxog
surprwh ghprfudf| xsrq hqglqj wkh frq lfw1 Fohduo|/ ghprfudf| vhuyhv
dv d frpplwphqw ghylfh wr hqvxuh wkdw wkh rssrvlwlrq*v yrlfh lv khdug1
Krzhyhu/ fulwlfv srlqw wr iru h{dpsoh Frqjr/ zkhuh wkh vhwwohphqw eh0
wzhhq wkh jryhuqphqw dqg wkh uhehov lqfoxghg hohfwlrqv/ zklfk uhvxowhg
lq ulrw dqg ylrohqfh/ sxvklqj edfn shdfh1 Rxu prgho srlqwv wr wkh idfw
wkdw lw lv lpsruwdqw wr lqfoxgh wkh ohdghuv zkr eurnhu wkh shdfh djuhh0
phqw +wkh prghudwhv, lq wkh lqwhulp jryhuqphqw dqg srvwsrqh hohfwlrqv1
Wklv jlyhv wkh jryhuqphqw wlph wr lqyhvw lq sxeolf vhuylfhv/ lqwhuqdwlrqdo
wudgh dqg vr rq1 Wkhvh lqyhvwphqwv pd| ghwhu wkh hohfwrudwh dw d odwhu
vwdjh iurp fkrrvlqj h{wuhplvw ohdghuv1
Wkh erwwrp olqh ri wkh duwlfoh lv wkdw shdfh nhhslqj lqlwldwlyhv wkdw
dlp wr frqwuro flylo frq lfw vkrxog wdnh lqwr dffrxqw wkdw vxfk lqlwldwlyhv
wkhpvhoyhv pd| lq xhqfh lq dq dgyhuvh zd| ohdghuvkls g|qdplfv1 Wkh
frqfhsw ri vwudwhjlf ghohjdwlrq ri ohdghuvkls vkrxog qrw eh wdnhq wrr
olwhudoo|/ iru lw vlpso| sur{lhv iru wkh lqfhqwlyhv lq srolwlfdo lqwud0jurxs
g|qdplfv1 Khqfh/ zkhwkhu wkhuh duh qhz ohdghuv ru h{lvwlqj ohdghuv
wdnlqj d pruh kdznlvk sodwirup shukdsv pdnhv olwwoh glhuhqfh wr wkh
rxwfrph1 Lq frqfoxvlrq/ wkh lqwhuqdwlrqdo frppxqlw| pd| eh deoh wr
irufh jurxsv wr frrshudwh xqghu wkh wkuhdw ri vdqfwlrqv1 Krzhyhu/ wkh|
vkrxog uhdol}h wkdw ulydo jurxsv pd| wkhq frph wr wkh wdeoh zlwk pruh
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